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The infrared optical, magneto-optical and magnetostrictive properties of CoFe2O4 single crystal 
are considered. The magneto-transmission and magneto-reflection of natural light in 
magnetostrictive CoFe2O4 spinel are studied in the Voight experimental geometry. These magneto-
optical effects are very high and associate with a change of the fundamental absorption edge and 
impurity absorption bands under magnetic field. It is presented the effects strongly depend on both 
the magnitude and orientation of magnetic field relative to the crystallographic axes of the crystal. 
The clear connection between magneto-absorption of light in the infrared spectral range and 
magnetostriction of CoFe2O4 spinel is established. The contribution of magnetostriction to the 
magnetic anisotropy constant of the CoFe2O4 crystal is shown to be abnormally great. 
1. INTRODUCTION 
Straintronics is a field of spintronics, which studies variation of physical properties of materials 
associated with elastic deformations arising under the influence of magnetic and/or electric 
fields1,2,3. The variety of magneto-optical effects caused by magnetostriction observed both in 
polarized light4,5,6 and in natural light7 allows one to conclude about the formation of a special 
branch of straintronics that has been called recently as “strain-magneto-optics”8. First observation 
of the magneto-reflection effect in natural light in the CoFe2O4 ferrimagnetic spinel with strong 
magnetostriction has been reported in Refs.7,8. It has been showed that field dependences of 
magneto-reflection, defined as R/R=(RH-R0)/R0, where RH and R0  are the specular reflection 
coefficients in the presence and absence of a magnetic field, respectively, correlate well with 
magnetostriction. Magneto-transmission of CoFe2O4, defined as t/t=(tH-t0)/t0, where tH and t0 are 
the light transmission coefficients in the presence and absence of a magnetic field, respectively, 
has been studied only in the Faraday geometry of the experiment, i.e. for magnetic field normal to 
the crystal plane9. The strong correlation between the field dependences of the magneto-
transmission and magnetostriction of the crystal has been found. In addition, the contribution of 
Faraday rotation due to the partial polarization of light by an optical system to the magneto-
transmission of light has been estimated. 
In magnetically ordered materials, both R/R and t/t can have high values in the infrared 
(IR) spectral region, where linear magneto-optical Kerr and Faraday effects are much weaker (see 
Refs.4,5,6,7,8,9 and references therein). The study of magneto-transmission in the Faraday 
experimental geometry – especially in the case of materials with strong magnetostriction – is 
complicated by the “parasitic” mechanical stresses arisen upon application of magnetic field. The 
stresses result in poorly controlled deformation of a sample and, therefore, misrepresentation of 
the data obtained. In contrast, in the Voigt geometry, when magnetic field is applied in the plane 
of a sample, such stresses are minimal. In addition, in the Voight geometry it is convenient to 
obtain information on the dependence of magneto-optical effects on the orientation of a magnetic 
field relative to the crystallographic axes of a crystal. 
In this paper we present the observation of the optical and magneto-optical properties of 
CoFe2O4 magnetostrictive single crystals in the Voight experimental geometry. We show the 
existence of noticeable magneto-transmission and magneto-reflection effects in natural light at 
room temperature in relatively weak magnetic fields. The direct correlation between magneto-
optical and magneto-elastic properties of the CoFe2O4 crystals is observed. The abnormally large 
contribution of magnetostriction to the magnetic anisotropy constant is obtained. The observed 
magneto-optical phenomena are explained by the magnetic-field induced deformation of the 
electronic structure of spinel. For comparison, we used some data for the Hg(Cd)Cr2Se4 
ferromagnetic spinel with small magnetostriction coefficient.  
 
2. SAMPLES AND EXPERIMENTAL TECHNIQUE 
 
The CoFe2O4 ferrimagnetic spinel is characterized by high transparency in the IR spectral region, 
a high Curie temperature of ТС = 812 K, and strong magnetostriction. CoFe2O4 single crystals 
investigated here were grown using crucible-free zone melting with radiation heating10. The lattice 
parameter was found to be а0=8.38 Ả (inverted spinel structure, Fd3m space group11), which is 
close to а0=8.39 Ả 11. By using EDAX, it has been confirmed that the samples are single-phase 
and their chemical composition corresponds to the CoFe2O4 formula unit. Detailed description of 
the samples can be found in Ref.7.  
Magnetization measurements were performed with the LakeShore 7400 vibration 
magnetometer in magnetic field H of up to 17 kOe at room temperature. Magnetostriction was 
measured by the tensometric method on the (001) oriented plate-shaped samples with an area of 
10x10 mm2 and thickness of d = 400 µm. During all experiments, the magnetic field was directed 
along the plane of the samples. 
All optical measurements were carried out by using the prism monochromator in magnetic 
fields of up to Н = 7.5 kOe. The coefficient of specular reflection of light was determined as 
R=IS/IAl, where IS and IAl, are the intensity of unpolarized light reflected from the sample and from 
the Al mirror, respectively. The surface roughness of the polished samples was less than 1 µm. 
Such the roughness is sufficient for measurement of R in the infrared spectral region at 
wavelengths >1 μm. The relative error in the determining R was 0.2%. The coefficient of light 
transmission determined as t=YS/YО, where YS and YО are the intensities of the transmitted and 
incident light, was measured for unpolarized light at an angle of incidence of 7° relative to sample 
normal. It was found that in the wavelength range of 2.5≤≤5 μm the transmittance was t>10 %. 
Thus, for calculating the absorption coefficient α(λ,Н,Т), it was necessary to take into account 
double reflection of light, so that 
ߙ ൌ ቀଵௗቁ ln	
ሺଵିோሻమ
௧ .                                                            (1) 
Magneto-absorption was defined as α/α=(αН-α0)/α0, where αН and α0 are the values of absorption 
coefficient under application of a magnetic field H and in zero magnetic field, respectively.  
 
3. MAGNETIZATION AND MAGNETOSTRICTION 
 
The results of investigations of magnetic field dependences of magnetization M(H) and relative 
elongation Δl/l for the CoFe2O4 single crystal sample are presented in Fig.1. For the magnetic field 
directed along [100] and [010] axis the coercive force is Нc=80 Oe, saturation magnetization М is 
equal to 82 emu/g at Н=17 kOe, see Fig.1a. These data are close to those presented in Refs.10,12. 
The M(H) curve measured in H||[110] geometry has two steps at Н~0.8 kOe (М~40 emu/g) and at 
Н=4 kOe (М~78 emu/g), which are due to slight distortion of the cubic symmetry of the crystal. 
Magnetic field dependences of (Δl/l)100 for H||[100] and H||[010] (see Fig.1b and 1с) are similar 
to those for typical CoFe2O4 single crystals13. However, the value of (Δl/l)100 exceeds known 
values for nonstoichiometric and doped crystals13,14,15.  
At room temperature (T <<TC ) the saturation magnetization of CoFe2O4 is practically 
independent of H. In this case, volume magnetostriction is small and can be neglected. Then in a 
cubic ferromagnet the relative elongation Δl/l along the axis, defined by the guiding cosines βx,y,z, 
in a magnetic field the direction of which is determined by the cosines αx,y,z, is described by 
∆௟
௟ ൌ
ଷ
ଶ ଵ଴଴ ቀߙ௫ଶߚ௫ଶ ൅ ߙ௬ଶߚ௬ଶ ൅ ߙ௭ଶߚ௭ଶ െ
ଵ
ଷቁ ൅ 3ଵଵଵሺߙ௫ߙ௬ߚ௫ߚ௬ ൅ ߙ௭ߙ௬ߚ௭ߚ௬ ൅ ߙ௫ߙ௭ߚ௫ߚ௭ሻ,   (2) 
where λ100 and λ111 are constants of linear magnetostriction in [100] and [111] directions at 
saturation. In our case, Δl/l was measured along the x-axis, so αz = βy= βz = 0, βx = 1. Therefore 
(Δl/l)100 = λ100 for H||[100] and (Δl/l)010 = -λ100/2 for H||[010]. It is worth to pay attention that for 
αx = 1/√3, when the angle φ between the [100] axis and the direction of magnetization is about 54o,  
(Δl/l)φ = 0.  From Fig. 1b it follows that for H||[100] the value of (Δl/l)100 increases sharply starting 
at Н = 1.6 kOe and reaches a saturation value about -65410-6 at H=2.8 kOe, i.e., in the same field 
as the magnetization. Consequently, for our sample, λ100 = -65410-6. The very small value of 
(Δl/l)100 for H <1.6 kOe can be explained by an increase in the size of domains with magnetization 
oriented along the applied field due to corresponding decrease s of domains with opposite 
magnetization. This process does not change (Δl/l)100 whereas the total magnetic moment of the 
sample increases monotonically. 
When H||[010], the relative elongation (Δl/l)100 is positive (Fig. 1c) and reaches  about 
+22110-6. This value not two, but three times less than |(Δl/l)100| for H||[100], which, like the shape 
of the M(H) curves, points to some distortion of cubic symmetry. 
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Fig. 1. Magnetic field dependences of а) magnetization (М) for H||[100] (φ=0о) and H||[110] 
(φ=45о), b) and c) magnetostriction (Δl/l)100 for two magnetic field directions at Т=295 К. Inset 
shows full curve of magnetization M(H).  
 
It is generally accepted that the contribution of magnetostriction to the magnetic anisotropy 
constant K1 does not exceed several percent13,16,17. In our case, the situation is different. 
One can calculate the contribution of magnetostriction to K1 using the formula16 
∆ܭ ൌ ଽସ ሾሺܿଵଵ െ ܿଵଶሻߣଵ଴଴ଶ െ 2ܿସସߣଵଵଵଶ ሿ.                                                                       (3) 
For the CoFe2O4 single crystal, the elastic constants are 18: c11 = 2.57·1012 erg/cm3, c12 = 1.5·1012 
erg/cm3, c44 = 0.85·1012 erg/cm3. Taking λ111 = 120·10-6  (from Ref.13) and λ100 = -654·10 -6, we 
obtain ΔK ≈ 1·106 erg/cm3. From the experimental data (Fig.1a), the estimated value of  K1 is about  
2·106erg/cm3. Thus, in the case of CoFe2O4, the contribution of magnetostriction to the magnetic 
anisotropy constant is abnormally large.  
 
4. ABSORPTION SPECTRUM 
 
The spectrum of the light absorption coefficient for the CoFe2O4 single crystal recorded at 
room temperature is shown in Fig.2a. Close results have been published in Refs.9,19,20. The 
experimental curve is partially consistent with the optical conductivity spectrum calculated using 
the Kramers-Kronig analysis of reflectivity spectrum (see Fig.2b and Ref.8). Absorption spectrum 
() is characterized by a sharp increase at <2 µm, which is associated with the fundamental 
absorption edge at Eg=1.18eV (~1 µm), see Ref. 21. This edge is formed by the indirect transitions 
from the hybridized dCo+pO – states of the valence band at  Х point of the Brillouin zone into the 
dFe states of the conduction band at Г point 9,22,23. When the temperature decreases from 400 K to 
80 K, the absorption edge undergo a “blue” shift to the region of short wavelengths by +0.08 eV. 
In contrast to CoFe2O4, the “red” temperature shift of the absorption edge is observed in the 
Hg(Cd)Cr2Se4 ferromagnetic spinels. It is due to the strong exchange interaction of charge carriers 
with localized magnetic moments of Cr ions24. Therefore the exchange interaction in CoFe2O4 is 
substantially lower than that in Hg(Cd)Cr2Se4. 
For greater wavelengths, the impurity band (1) at 1=2.6 µm (0.48 eV) is clearly seen in the 
spectrum. This band was earlier observed in light transmission19 at =2.91 µm and in the reflection 
spectra8 at =2.96 µm. It was assumed in Ref.9 that this band is related to electronic transitions 
from the valence band into the VО+3d(Fe3+) state, where VО denotes an oxygen vacancy. However, 
it was recently shown25 that the oxygen environment of the Co2+ and Fe3+ ions experiences 
octahedral distortions, which are stronger in the case of Co2+. We can assume that the band (1) is 
formed by the transitions into the VО+3d(Fe3+) or/and VО+3d(Co2+) states. The decrease in the 
intensity of band (1) with temperature decreasing can be explained by a decrease in the 
contribution of the “tail” of the absorption edge. 
The broad absorption band (6) with maximum at 6=12.5 µm (0,1 eV) and a fine structure 
in the wavelength range 3<<15 µm is seen in Fig. 2a. A fine structure is formed by the bands 
with maxima at 2 = 6.1 μm (0.2 eV), 3 = 7 μm (0.17 eV), 4 = 8.4 μm (0.14 eV), and 5 = 10 μm 
(0.12 eV). They are close to the impurity absorption bands observed earlier in the optical spectra 
of polycrystalline CoFe2O4 doped with Zn, Zr or Cd (see, for example, Ref.19). The difference in 
the spectra of undoped and doped CoFe2O4 is in the enhancement of the absorption background in 
the region of 3 < <15 μm due to the increase in the concentration of impurities and defectiveness 
in the cationic sublattice9,19. Cooling of the samples leads to “sharpening” of the fine structure of 
band (6).  
The further increase in light absorption at >15 μm is associated with phonons part (Fig. 2a 
and b). The phonon spectrum is formed by the 1P=16.4 μm (Е1 = 609 cm-1) band associated with 
vibrations of the Co – O ions in the octahedral sublattice and the 2P=24.2 μm (Е2 = 413 cm-1) 
band, associated with vibrations of oxygen in the tetrahedral sublattice 19,20,26,27. Kramers – Kronig 
calculations allowed us to identify additional phonon bands at 3P18.7 μm (Е = 534 cm-1) and 
4P21.5 μm (Е = 466 cm-1).  
Fig. 2. Spectral dependences of а) absorption spectra () of CoFe2O4 at Н=0 T (solid line) and 
Н||[100]=7.5 kOe (red chain line) at Т=295 К.The arrows indicate the position of the impurity 
absorption bands (on inset: enlarged portion of the spectrum) and b) optical conductivity (), 
calculated from the reflection spectrum of CoFe2O4 (see the inset) using Kramers-Kronig analysis. 
 
The magnetic field of H=7.5 kOe, which substantially exceeds the saturation value, has an 
influence upon the absorption α(λ). At room temperature, the application of the magnetic field 
Н||[100] leads to a weak "red" shift of the absorption edge, E(Н) ≈ -2 meV, in contrast to the 
"blue shift" E(Н)≈ +10 meV for Faraday experimental geometry8. However, when the 
temperature decreases down to Т = 80 K in zero magnetic field, the absorption edge is 
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characterized by a “blue shift” 9,22. Therefore, there is a competition between two mechanisms: 
temperature-induced “blue shift” vs. magnetic-field-induced “red shift” of the absorption edge. 
 
5. EFFECT OF MAGNETIC FIELD ORIENTATION ON THE OPTICAL 
PROPERTIES 
 
The positions of both the absorption edge and the impurity bands depend not only on the 
magnitude of the magnetic field applied, but also on its orientation relative to the crystallographic 
axes. In our case, the magnetization is in the (001) plane. Therefore, the field dependence of the 
absorption coefficient  for a fully magnetized sample (single domain state) has a simple form: 
ߙ ൌ ܣ ൅ ܤݏ݅݊4߮,                                                   (4) 
where A and B (|B|<<A) are the coefficients that depend on the light wavelength, temperature and 
magnitude of the magnetic field H,  φ is the angle between the [100] axis and direction of 
magnetization. If a sample placed in a magnetic field is in a multi-domain state (the magnetic field 
applied is lower than the saturation field Hs), the absorption coefficient can described by the 
expression α ൌ ܣ ൅ ܤ〈ݏ݅݊4߮〉ு, where 〈… 〉ு means averaging over the domain structure. Then 
the magnetoabsorption α/α can be written as 
∆ఈ
ఈ ൌ
ఈሺுሻିఈሺுୀ଴ሻ
ఈሺுୀ଴ሻ ൌ
∆஺ା஻ሺ〈௦௜௡ସఝ〉ಹି〈௦௜௡ସఝ〉ಹసబሻ
஺ሺுୀ଴ሻ ,                                             (5) 
where ΔA = A(H) – A(H=0)<<A(H=0).  
Finally, if ΔA and B are of the same order of magnitude, strong angle dependence of 
magnetoabsorption, as well as of t/t and R/R, should be observed. 
Fig.3 show the spectra of magneto-transmission t/t, magneto-absorption α/α and 
magneto-reflection R/R for Н||[100], when the effects reach its maximum values. The spectra 
have complex shapes with specific features near the absorption bands (1 – 5) mentioned before. 
The shapes and intensities of the features in the t/t and α/α spectra are determined by the shift 
and variations of the intensity of the weak impurity bands upon application of a magnetic field. 
Figures 3a and 3b show that the t/t and R/R have a positive sign and reach ~ 4 % at >2.2 
µm, Н||[100] and Т=295 К. As the temperature going down to T = 80 K, the magneto-transmission 
slightly increase and become positive in the entire measured spectral range and show an additional 
band at =3.4 µm. This feature was also observed in the magneto-absorption spectrum α/α 
(Fig.3c) and in the Faraday rotation of the crystal 9. Therefore we can contend that the impurity 
states in the of CoFe2O4 crystal are being substantially changed under the influence of either 
magnetic field or temperature. 
For H||[110] variations of t/t, α/α and R/R(Н) in the spectral region of interest are almost 
negligible. In accordance with Eq. (5), this fact points to proximity of the values of A and B. From 
Fig.3c we can see that α/α <0 for φ=0 (H||[100]), so that we infer ΔA<0 and B>0. 
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Fig.3. Spectral dependences of  а) magnetoreflection (R/R), b) magnetotransmission (t/t) and 
c)  magnetoabsorption (α/α) for the CoFe2O4 single crystal at T=80 K and 295 K for different 
orientation of the magnetic field Н=7.5 kOe (for t/t and α/α) and 3.6 kOe (for R/R). The arrows 
indicate the position of the impurity absorption bands. Inset shows the scheme of orientation of 
the crystal in the in-plane magnetic field.  
 
 
 
6. MAGNETIC FIELD DEPENDENCES 
 
The most distinct relationship between magnetostriction and magneto-optical properties of 
the CoFe2O4 crystal can be seen from their magnetic field dependences (Fig.4).  The R/R(Н), 
t/t(Н) and α/α(H) are the even effects, like magnetostriction, so they are mainly determined by 
the variations of the diagonal components of the dielectric permittivity tensor. At room 
temperature the values of R/R(Н), t/t(Н) and α/α(H) are proportional to the square of 
magnetization. It was shown28,29 only a weak contribution of the effect linear in magnetization 
(namely, the Faraday effect) to the magneto-transmission of the CoFe2O4 crystal can be observed. 
In the Voight geometry of the experiment, we have found no contribution from the effects linear 
in magnetization. 
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Fig.4. Magnetic field dependences of а) linear magnetostriction (Δl/l)100; b) magneto-reflection 
(R/R); с) magneto-transmission (t/t) and d) magneto-absorption (α/α) of the CoFe2O4 single 
crystal for orientation of magnetic field Н||[100]  at =2.7 µm and Т=295. On the right - e),  f), g), 
h) are the same dependences, respectively, but in case of  H||[010] and H||[110].  
 
For the Hg(Cd)Cr2Se4 spinels with weak magnetostriction30, the t/t(Н) and R/R(Н) 
dependences strictly follow the magnetization24. Meanwhile, in the case of the CoFe2O4 spinel 
with strong magnetostriction, the behavior of thet/t(Н) and R/R(Н) curves are different. Figure 
4 demonstrates the R/R(Н), t/t(Н) and α/α(H) dependences recorded at =2.7 µm, i.e. in the 
vicinity of the peak (1). The shape of curves depends on both the direction of the external magnetic 
field and spectral position (see, the Supplement for details). For Н||[100] and H<1.7 kOe, the 
R/R(Н), t/t(Н) and α/α(H) are slightly changed in the magnetic field. It is fully consistent with 
the field dependence of magnetostriction (Fig.4a) and can be explained by the same mechanism. 
Above 1.7 kOe there is a sharp increase in the magnitude of the magneto-optical effects with 
saturation at the same fields as for (Δl/l)100 and magnetization. The extreme on the t/t(Н) and 
α/α(H) curves practically coincide with that for the  ௗቀ
∆೗ሺಹሻ
೗ ቁభబబ
ௗு  curve, which also indicates the 
strong connection between magneto-optical effects and magnetostriction in CoFe2O4. 
When H||[010] there is a smooth growth of (Δl/l)100 R/R(Н), t/t(Н) and α/α(H) curves 
with increasing H but the effects are saturated in the same fields as for the H||[100] case. 
Nevertheless, the values of the magneto-optical effects and (Δl/l)100 are substantially  less: (Δl/l)010 
= λ100/4 = -1.6·10-4 vs. λ100 = -6.5·10-4. The complicated shape of the t/t(T,Н) and α/α(T,H) 
curves is probably caused by variations of not only the intensity, but also of the position of the 
impurity absorption bands.  
In the H||[110] case, the considered magneto-optical effects are practically absent. Above 
H>2.8 kOe, the sample is fully magnetized, so that ߙ௫ଶ ൌ 1/2  in formula (2). Assuming λ111 = 
+1.2·10-4 (from Ref.Ошибка! Закладка не определена.) one can obtain from Eq. (2)  (Δl/l)110 
= -0.7·10-4. It means that for H||[110] the deformation of the crystal is almost an order of magnitude 
smaller than that at H||[100]. It could explain such small magnitude of the magneto-optical effects, 
which is below the accuracy of the experiments. 
 
7. CONCLUSION 
Investigation of optical and magneto-optical properties of the CoFe2O4 single crystal in the 
infrared spectral range show the presence of the fine structure of the absorption bands in the 
“transparency window” associated with impurity states. Surprisingly strong influence of an 
external magnetic field on the absorption and reflection of natural light is found. The magneto- 
absorption and magneto-reflection effects substantially depend not only on the magnitude, but also 
on the orientation of the magnetic field relative to the crystallographic axes. Close relationship 
between magneto-optical effects and magnetostriction, revealed in the region of impurity 
absorption, points out to the distortion of the environment of the Co2+ and Fe3+ ions under an 
application of a magnetic field as an origin of the observed effects. It is shown experimentally that 
in the CoFe2O4 ferrimagnetic spinel magnetostriction gives an abnormally large (about 50%) 
contribution to the magnetic anisotropy constant K1. In contrast to spinel with low 
magnetostriction, in the CoFe2O4 spinel, the influence of the magnetic field on the optical 
properties is indirect: application of magnetic field results in distortion of the crystal lattice, which, 
in turn, leads to variations in the electronic structure and optical properties. Therefore, there are 
different competing mechanisms of magneto-absorption and magneto-reflection effects that can 
be clarified by comparing its field dependencies at different wavelengths. The discovering of the 
new mechanism of magneto-absorption of infrared light in magnetostrictive magnetics suppose 
the further investigations in the area of the so-called “strain-magneto-optics” are being promising 
for enhancing straintronics` technology. 
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